Europaisches Patentamt 
0 European Patent Office 





00 Publication number: 0 240 138 B1 
Office europeen des brevets 



© EUROPEAN PATENT SPECIFICATION 

© Date of publication of patent specification: 18.09.91 © Int. CIA C07C 27/02, C07C 57/44, 

C07C 69/618, C07C 51/02 

© Application number: 87301640.6 

© Date of filing: 25.02.87 

The file contains technical information submitted 
after the application was filed and not included in 
this specification 



© Preparation of cinnamic acids. 



03 

00 

CO 



CL 
IU 



© Priority: 28.02.86 JP 41977/86 

@ Date of publication of application: 
07.10.87 Bulletin 87/41 

© Publication of the grant of the patent: 
18.09.91 Bulletin 91/38 

© Designated Contracting States: 
BE CH DE ES FR GB IT LI NL 

© References cited: 
EP-A- 0165 521 
US-A- 2 590 087 

HOUBEN WEYL "Methoden der organischen 
Chemie", vol. 8, 1952, pages 421-423, Georg 
Thleme Verlag, Stuttgart 



© Proprietor: MITSUI TOATSU CHEMICALS, Inc. 
2-5 Kasumigaseki 3-chome 
Chiyoda-Ku Tokyo 100(JP) 

@ Inventor: Miyata, Katsuharu 
264-3, Kajigayacho Sakae-ku 
Yokohama-shi Kanagawa-ken(JP) 
Inventor: Takaki, Usajl 
1223-19, Daigiri 

Fujisawa-shi Kanagawa-ken(JP) 
Inventor: Matsuhisa, Toshio 
9-5-203, Sakomachi 5-chome Hikoshima 
Shimonoseki-shi Yamaguchi-ken(JP) 



© Representative: Stuart, Ian Alexander et al 
MEWBURN ELLIS & CO. 2/3 Cursitor Street 
London EC4A 1BQ(GB) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person 
may give notice to the European Patent Office of opposition to the European patent granted. Notice of opposition 
shall be filed in a written reasoned statement It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1 ) European patent convention). 



Rank Xerox (UK) Business Services 



EP 0 240 138 B1 



Description 

The present invention relates to a preparation process of cinnamic acids by the hydrolysis of an alkyl 
ester of the cinnamic acids. v 
5 Cinnamic acids are technically important as materials for perfumes, photosensitive polymers and 

various organic or biochemical products. V 
Regarding the processes for the synthesis of cinnamic acid and its derivatives, a variety of methods has v 
been known up to the present time. 

For instance, these processes are methods of preparing cinnamic acid and its derivatives from 
70 benzaldehydes as a main raw material by Perkin reaction, Knoevenagel reaction or Claisen condensation 
(as described in, for example, Organic Reactions, vol. I, 217 (1942)), and from benzene or its derivatives 
and acrylate esters as raw materials (as described in, for example, Japanese Patent Publication No. 
50611/72, Japanese Patent Laid-Open No. 59927/ l 83, USP 3783140 and 3922299). Besides a method has 
also been proposed recently wherein styrene or its derivatives are reacted with carbon monoxide, alcohol 
75 and oxygen in the presence of a catalyst (as described in Japanese Patent Publication Nos. 5570/ 1 84 and 
23661 r05). 

Cinnamate esters are always formed as an intermediate in such processes as Claisen condensation 
which used benzaldehyde and acetate esters, a method of using benzene or its derivatives and acrylate 
esters as the raw materials, and a method of employing styrene or its derivatives, carbon monoxide, alcohol 
20 and oxygen as the raw materials. Therefore hydrolysis of cinnamate esters is necessary for preparing free 
cinnamic acids. 

Concerning the hydrolysis of cinnamate esters a method has recently been proposed which applies an 
acid as the catalyst (as described in Japanese Patent Laid-Open No. 12736/'85). The hydrolysis, however, 
is generally performed by use of alkali such as sodium hydroxide in a homogeneous system which contains 
25 aqueous mixture of alcohol, dioxane or acetone (as described in Japanese Patent Laid-Open No. 
102614/74). 

EP-A-1 65,521 discloses a process in which a mixture in which the principal ingredient is a cinnamate 
ester is hydrolysed with aqueous base, for example sodium hydroxide or potassium hydroxide. The 
resulting cinnamic acid is then precipitated by addition of a mineral acid. 

30 On the hydrolysis of cinnamate esters with an acid catalyst a long reaction time is generally required 
because of a low reaction rate. On the other hand, the alkali hydrolysis is, as described above, commonly 
carried out in a homogeneous system employing the aqueous mixture of organic solvents. Therefore, 
procedures such as extraction and concentration are required for the isolation of desired products. 
Furthermore, the solvents used for the extraction should be recovered in the industrial application. 

35 Besides a step of acidifying the resultant alkaline solution with mineral acids after alkali hydrolysis is 
required in order to finally obtain the cinnamic acids. 

In the prior arts, mineral acids are added to the aforesaid alkaline solution of alkali cinnamate containing 
the organic solvents. 

In these cases, however, acidification must be performed in a low concentration, involving a large 
40 amount of water, e.g. by employing a dilute aqueous alkali cinnamate solution, using a dilute aqueous 
solution of the acid or diluting the system with a special addition of water. Otherwise the system becomes a 
slurry having a high viscosity during acidification and in extreme cases stirring is inhibited by solidification 
of the total system. Therefore it becomes difficult to conduct the acidification of aqueous solution of the 
alkali cinnamate with the mineral acid in a high concentration and the amount of products produced per unit 
45 volume of the reaction vessel is reduced. 

Furthermore, the use of organic solvents described in the prior art results in the loss due to dissolving 
of desired product into the solvents and hence cause the reduction of yield. 

It is desirable to provide an industrial method of preparing a cinnamic acid by the hydrolysis of a 
cinnamate ester with an alkali. 

so It is also desirable to provide a method of starting the hydrolysis reaction with the alkali in the absence v 
of organic solvents and in the presence of water as the solvent in a heterogeneous binary-phase liquid ■/ 
system. 

It is also desirable to provide a method of preparing a cinnamic acid by starting the hydrolysis of the $ 
cinnamate ester with the alkali in the heterogeneous binary-phase liquid system, followed by acidifying the 
55 resultant alkaline solution with the mineral acid through an improved method. 

The present inventors have made an intensive effort on the study of alkali hydrolysis of cinnamate 
esters to render the above objects achievable. As a result, it has been found that a cinnamic acid of 
excellent quality can be favorably obtained by a process embodying the invention employing alkali 
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hydrolysis in a heterogeneous binary-phase liquid system; the aqueous solvent being free of organic 
solvents; followed by acidifying the resultant aqueous alkaline solution so that the pH value of the solution 
obtained by the reaction was not more than a specific value. 

Besides, the following facts have also been found. When the acidification of aforementioned aqeuous 

5 alkaline solution is conducted either by adding the aqueous alkaline solution into mineral acid or by 
continuously charging the aqueous alkaline solution and said mineral acid into the reaction vessel so as to 
keep the pH value at not more than the specific value in the mixture obtained by acidifying and 
continuously discharging the product, this method can decrease the quantity of water in use, and thus the 
amount of product produced per unit volume of the reaction vessel can be increased, the environmental 

w problems on drainage is mitigated, the loss of the product by dissolving in the drainage is reduced and the 
cinnamic acids having an excellent qualify can be obtained in good efficiency. 

The present invention provides a process of preparing a cinnamic acid by hydrolyzing a cinnamate 
ester represented by the following formula: 



25 (wherein: Ar is an optionally substituted benzene ring; R 2 and R 3 may be the same or different groups and 
represent respectively hydrogen or alkyl of 1 to 6 carbon atoms; and R* represents an unsubstituted or 
substituted alkyl group) with an alkali in a heterogeneous binary-phase liquid system using water as a 
solvent to obtain an aqueous alkaline solution of an alkali cinnamate, characterised by starting said 
hydrolysis reaction in a heterogeneous binary-phase liquid system, which consists of a melted cinnamate 

30 ester and an aqueous alkali solution, using the water in such quantity that the concentration of the alkali 
cinnamate is 1 to 20% by weight in the aqueous alkaline solution; and precipitating the cinnamic acid by 
conducting an acidifying reaction of said aqueous alkaline solution with a mineral acid, under such 
conditions that the pH value of the resulting liquid after completion of the acidifying reaction is kept at not. 
more than 4 and that the concentration of the produced cinnamic acid when the reaction is completed is 1 

35 to 20% by weight of the resulting suspension; said acidifying reaction being conducted either by adding the 
aqueous alkaline solution of the alkali cinnamate obtained by the hydrolysis reaction into the mineral acid or 
by continuously charging the aqueous alkaline solution of the alkali cinnamate obtained by the hydrolysis 
reaction and the mineral acid into an acidifying reaction vessel, followed by continuously discharging the 
resulting liquid containing the cinnamic acid precipitated therein from said reaction vessel. Preferably the 

40 whole binary-phase system is substantially free of organic solvents. 

In a process embodying this invention, the hydrolysis of the cinnamic acid ester with the alkali can be 
started in the heterogeneous binary-phase liquid system with the aqueous solvent in the absence of organic 
solvents. Therefore, recovery of the organic solvents is not required and easy separation of the resultant 
cinnamic acid can be attained. 

45 Besides in embodiments of this invention, the aqueous alkaline solution of the alkali cinnamate obtained 
by the alkali hydrolysis of the cinnamic acid ester can be acidified at a high concentration, the quantity of 
products per unit volume of the reaction vessel can be increased, the quantity of water in use can be 
reduced, the environmental problems of drainage can be mitigated and the loss by dissolving the products 
into the drainage can be decreased. Hence the cinnamic acid having good quality can be obtained 

so efficiently and in good yield. 

Therefore the method of this invention is technically very advantageous for preparing the cinnamic acid. 
Some embodiments of the invention will now be described in greater detail. 

The cinnamate esters useful for the practice of the process of this invention comprise those of the 
following formula: 
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(wherein n is an integer of I to 5, R 1 is hydrogen or at least one kind of substituent on the aromatic ring and 
represents, for example, halogen, hydroxyl, alkyl of I to 4 carbon atoms or alkoxy of I to 4 carbon atoms. 
When n is not less than 2, each R 1 is the same or different. 

R 2 and R 3 may be the same or different groups and represent respectively hydrogen or alkyl of I to 6 
75 carbon atoms. 

R 4 represents unsubstituted or substituted alkyl group.) 

The cinnamate esters include, for example, methyl cinnamate, ethyl cinnamate, propyl cinnamate, butyl 

cinnamate, ethyl a-methyl-j9-phenylacrylate, methyl a-propyl-0-chlorophenylacrylate, methyl 0-3,4- 

dimethoxyphenylacrylate, methyl j3-4-methoxyphenylacrylate and benzyl cinnamate. 
20 The cinnamate esters mentioned above can be prepared by various methods. For example, as 

aforesaid, these can be prepared by Claisen condensation from benzaldehydes and acetate ester, by the 

oxidative carbonylation reaction of styrene compounds, by the reaction of benzene or its derivatives with 

acrylate ester and further by the separation from natural storax. 

The alkali for use in the alkali hydrolysis of this invention includes, for example, sodium hydroxide, 
25 potassium hydroxide, calcium hydroxide and barium hydroxide. Sodium hydroxide or potassium hydroxide 

is preferably employed among these compounds. The alkali can also be applied as a mixture of two or 

more. The quantity of alkali in use is at least one equivalent to the cinnamate ester. 

The hydrolysis reaction of cinnamate esters with alkali in the process of this invention may be started in 

the heterogeneous binary-phase liquid system, which consists of melted cinnamate ester and aqueous alkali 
30 solution. Although alkali cinnamates formed in the hydrolysis are rather easily dissolved in water, insufficient 

quantity of water in use causes incomplete dissolution. As a result a homogeneous solution cannot be 

formed and in the extreme cases the operation is substantially inhibited as a result of solidification. While 

excessive quantity of water leads to the reduction of yield. 

Therefore, for the technically effective application of the method of this invention, it is desirable to use 
35 water in such quantity that the concentration of the alkali cinnamate is I to 20% by weight in the aqueous 

solution. It is preferably in the range of 2 to 15% by weight 

For the hydrolysis reaction of the cinnamate ester with aqueous solution of the alkali, any operation can 

be applied which includes a batchwise or semi-batchwise operation of charging both components in a lump 

or separately into the reaction vessel and a continuous operation of continuously charging these compo- 
40 nents. 

The reaction temperature is preferably in the range of 40 to 120° C and more preferably 60 to 100° C. 
The reaction pressure is normally atmospheric and yet in some cases slightly decreased or increased 
pressure is effective. 

The reaction time depends upon reaction temperature and pressure and is preferably in the range of 1 
45 to 120 minutes, and more preferably 3 to 30 minutes. 

Vigorous stirring is effective for the process of this invention because the hydrolysis reaction of the alkyl 
cinnamate with the alkali starts in the heterogeneous binary-phase liquid system except when special 
cinnamate esters are used as raw materials. The mixture generally forms a homogeneous solution after 
ending the reaction. 

so In the method of this invention, alcohols generated in the course of the hydrolysis reaction may 
optionally be recovered, for example, by distilling from the system during or after the reaction. 

An example of . the effective manner for removing alcohol is to distill generated alcohol out of the 
system together with exhaust gas by feeding inert gas into the reaction solution. £ 
In the process of this invention, the cinnamic acids can be precipitated by acidifying the resultant 
55 aqueous alkaline solution with mineral acid so that the reaction mixture forms a slurry or suspension. The 
cinnamic acids can be separated from the mixture by suitable means, for example, filtration, and 
decantation. 

Water soluble mineral acid which is usually available in industry can be used in the acidification of the 
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alkali cinnamate solution. The mineral acid includes, for example, hydrochloric acid, sulfuric acid and 
phosphoric acid. 

In order to afford high yield of the cinnamic acid in the method of this invention, the alkali cinnamate 
and the mineral acid are required to react so as to keep the pH value at not more than 4 and preferably at 

5 not more than 3 in the solution after ending the acidification reaction. 

When the pH value is more than 4, precipitation of the desired product is incomplete even in acidic 
conditions and thus the yield is reduced. Therefore the acidification reaction of the alkali cinnamate solution 
is suitably carried out by maintaining the system always in acidic conditions, that is, at the pH value of not 
more than 4 and preferably not more than 3. 

70 in the process of this invention, the acidification of aqueous alkaline solution of the alkali cinnamate can 
be performed by the batchwise, semi-batchwise or continuous operation. The embodiments of acidification 
reaction are, for example, the operation of adding said mineral acid into the aqueous alkaline solution of 
alkali cinnamate, the operation of adding the aqueous alkaline solution of alkali cinnamate into the mineral 
acid and the operation of continuously charging both components. Any of these operations can be applied. 

75 In the operation of adding the mineral acid into the aqueous solution of alkali cinnamate, however, the 
reaction mixture often forms a slurried liquid having a high viscosity. In the extreme cases the stirring is 
inhibited. As a result the product is deteriorated in quality and the yield tends to decrease. 

Therefore, to avoid aforesaid problems in the batchwise or semi-batchwise operation, the alkaline 
solution of alkali cinnamate is preferably added into the mineral acid. 

20 Besides the acidification reaction of this invention is also preferably conducted by the continuous 
operation. The term continuous operation mentioned herein is different from what is called batchwise 
operation in which raw materials are charged in a lump and discharged after ending the reaction. It means 
the operation of discharging the reaction product while charging the raw materials. The charge or discharge 
operation may not always be continuous. The operation may be intermittent with a suitable interval so long 

25 as the operation does not make this invention invalid. 

For example, quantity of the raw materials can be set so as to obtain the pH value of not more than 4 
after the reaction. And the materials may be fed continuously or intermittently at a certain rate. 

On conducting the acidification reaction of this invention, the continuous reaction may optionally be 
started after previously charging the sufficient quantity of aqueous solution of the mineral acid for stirring 

30 the reactant. Vigorous stirring is more effective for the acidification. 

The suspension of the cinnamic acid formed by the acidification of this invention is continuously 
discharged, and optionally, it may be discharged intermittently. As a concrete method, for example, from a 
flooding port equipped on the reaction vessel, the suspension may be discharged by an overflow mode, or 
may also be discharged by use of a pump. 

35 The separation step of the cinnamic acid from the suspension may be carried out batchwise or 
continuously. 

In the acidification reaction of aqueous alkaline solution of the alkali cinnamate by the method of this 
invention, the quantity of water in use is adjusted so that the concentration of the produced cinnamic acid is 
1 to 20% by weight and preferably 2 to 15% by weight of the suspension. The concentration outside of this 
40 range cannot sufficiently achieve the object of this invention. That is, the yield of the product reduces at 
less than 1% by weight, while a highly concentrated slurry is formed at more than 20% by weight and 
causes insufficient stirring, incomplete reaction and deterioration in the purity of product. 

In the acidification of this invention, the batchwise or semi-batchwise operation wherein the aqueous 
solution of alkali cinnamate is added into the mineral acid, or the continuous operation wherein the reaction 
45 is conducted by maintaining the pH value of the system at not more than 4, has the advantage of 
performing the acidification in the higher concentration of the produced cinnamic acid in the suspension. 

The temperature in the acidification reaction is suitably 10 to 80° C. The reaction is normally carried out 
under atmospheric pressure and may also be performed under slightly reduced or increased pressure. 
The present invention is further illustrated by the following Examples and Comparative examples. 

50 

Example 1 

A separable flask equipped with a stirrer was charged with 16.2 grams (0.10 mol) of methyl cinnamate, 
and a solution of 4.3 grams of 97 wt.% sodium hydroxide in 200 grams of water, and the mixture was 
55 reacted at 80 *C for 15 minutes with vigorous stirring. The aqueous alkaline solution of sodium cinnamate 
thus obtained was added slowly under stirring into 200 ml of aqueous sulfuric acid solution containing 0.056 
mol of sulfuric acid. The formed suspension had pH of approximately 1 .5 after cooling to room temperature. 
The precipitates were filtered with suction, washed with 50 ml of water by stirring in a beaker, filtered again 
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and dried under reduced pressure. Cinnamic acid thus obtained was 14.6 grams (98.5% yield) and had 
purity of more than 99.9% according to analysis. 

Comparative example I 

5 

The procedure of Example I was repeated except 64 grams of water were used in the hydrolysis. As a 
result, the reaction solution was entirely solidified at around 5 minutes after starting the hydrolysis reaction « 
of methyl cinnamate with sodium hydroxide, and further proceeding of the reaction was failed. 

10 Comparative example 2 

The procedure of Example I was repeated except 2100 grams of water in the hydrolysis and 200 grams 
of aqueous sulfuric acid solution containing 0.08 mol of sulfuric acid were used in acidification. Con- 
sequently, cinnamic acid obtained was 13.8 grams and the yield was reduced to 93.2%. 

75 

Comparative example 3 

The procedure of Example I was repeated except 2000 ml of aqueous sulfuric acid solution containing 
0.085 mol of sulfuric acid were used in place of the aqueous acid solution in acidification. Consequently, 
20 cinnamic acid obtained was 13.9 grams and the yield was reduced to 93.8%. 

Example 2 

The same reaction procedure as in Example I was carried out except 230 grams of water was used in 
25 hydrolysis. After heating for 15 minutes with stirring, the flask was fitted with a Liebig's condenser and 
further heated to give 30 grams of distillate. The distillate contained 3.1 grams of methanol according to the 
analysis by gas chromatography. 

Example 3 

30 

The same reaction procedure as in Example I was carried out except 17.6 grams (0.1 mol) of ethyl 
cinnamate was used in place of methyl cinnamate. Consequently, cinnamic acid obtained was 14.5 grams 
(97.9% yield) and had purity of above 99.9%. 

as Example 4 

The procedure of Example I was repeated except 6.9 grams of 85% potassium hydroxide was used in 
place of sodium hydroxide in hydrolysis. Consequently, cinnamic acid obtained was 14.5 grams (97.9% 
yield) and had purity of above 99.9%. 

40 

Example 5 

The procedure of Example I was repeated except 0.112 mol of hydrochloric acid was used in place of 
0.056 mol of sulfuric acid in acidification. Consequently, cinnamic acid obtained was 14.4 grams (97.2% 
45 yield) and had purity of above 99.9%. 

Example 6 

A 300 ml separable flask was charged with 16.2 grams (0.10 mol) of methyl cinnamate, and a solution 
so of 4.3 grams of 97 wt.% sodium hydroxide in 140 grams of water. The mixture was reacted at 80° C for 15 
minutes with vigorous stirring. The aqueous alkaline solution of sodium cinnamate thus obtained was poured 
into a hot funnel which was previously kept at 80° C. The solution was added dropwise with stirring to a 
beaker having 20 ml of aqueous sulfuric acid solution containing 0.053 mol of sulfuric acid. The resultant * 
suspension was cooled to room temperature and filtered with suction. The crystals were washed with 50 ml 
55 of water by stirring in a beaker, filtered and dried under reduced pressure. Cinnamic acid obtained was 14.7 
grams (99.9% yield). The purity was above 99.9% according to analysis. 

Example 7 

o 
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The procedure of Example 6 was repeated except 17.6 grams (0.1 mol) of ethyl cinnamate was used in 
place of methyl cinnamate. Consequently cinnamic acid thus obtained was 14.6 grams (98.5% yield) and 
had purity of above of 99.9%. 

5 Example 8 

The procedure of Example 6 was repeated except 6.9 grams of 85 wt.% potassium hydroxide in place 
of sodium hydroxide. Consequently cinnamic acid thus obtained was 14.5 grams (97.9%) and had purity of 
above 99.9%. 

Example 9 

The procedure of Example 6 was repeated except 0.102 mol of hydrochloric acid was used in place of 
0.053 mol of sulfuric acid in acidification. Consequently cinnamic acid thus obtained was 14.4 grams (97.2% 
75 yield) and had purity of above 99.9%. 

Example 10 

A 1 l round bottomed flask equipped with a stirrer was charged with 100.0 grams (0.617 mol) of methyl 
20 cinnamate and 700 grams of aqueous solution containing 25.9 grams (0.647 mol) of sodium hydroxide and 
vigorously stirred for 15 minutes at 80° C. Then the resultant aqueous alkaline solution of sodium cinnamate 
having concentration of 13.1% by weight was transferred to a hot dropping funnel kept at 80° C. 

A round bottomed flask having an overflow port of about 20 mm in diameter in the middle of the vessel 
(the volume below the port was about 130 ml) was respectively equipped with a stirrer, an electrode of pH 
25 meter, a discharge orifice of tube pump capable of delivering 25 wt.% aqueous sulfuric acid solution at a 
constant flow rate, and an orifice of hot dropping funnel containing aqueous alkaline solution of sodium 
cinnamate. 

After charging about 20 grams of sulfuric acid in the flask in advance, the aqueous alkaline solution of 
sodium cinnamate was added dropwise with stirring until pH of 2 was indicated. Then the aqueous solution 
30 of sodium cinnamate and 25 wt.% aqueous sulfuric acid solution were added dropwise at a rate of 13 
grams per minute and 2.0 grams per minute respectively. The reaction was always carried out at the pH of 
not more than 2 and terminated after one hour. The concentration of cinnamic acid in the reaction vessel 
was about 10 wt.%. 

The slurry flowed out of the overflow port and cinnamic acid finally remained in the flask were filtered 
35 with suction, washed with water and dried under reduced pressure. Cinnamic acid thus obtained was 90.0 
grams (98.5% yield) and had purity of above 99.9% according to the analysis of liquid chromatography. 
The quantity of cinnamic acid produced was 116 g/l to one liter of water used, and about 700 g/£ to the 
unit volume of reaction vessel. 

An aqueous alkaline solution of sodium cinnamate was obtained by the same method as described 
40 above. The solution was distilled at about 100° C, a fraction of 98 to 99* C was collected, and 17.8 grams of 
methanol were recovered as an aqueous solution. 

Comparative example 4 

45 A3 I flask equipped with a stirrer was charged with 100.0 grams (0.617 mol) of methyl cinnamate and 
1260 grams of aqueous solution containing 25.9 grams (0.647 mol) of sodium hydroxide and vigorously 
stirred for 15 minutes at 80 "C. To the obtained aqueous alkaline solution of sodium cinnamate having 
concentration of 7.7% by weight were added in a lump 1240 ml of aqueous sulfuric acid solution containing 
0.35 mol of sulfuric acid. The resultant slurry having concentration of 3.4% by weight was cooled to room 

so temperature and measured pH to give a value of about 2. The total reaction mixture was discharged and 
filtered with suction. The separated precipitates were 87.8 grams (96.0% yield) and had purity of above 
99.9%. The quantity of cinnamic acid produced per I of water used and per unit volume of the reaction 
vessel were 36 g/t and 35 g/t respectively. 

55 Example 11 

The procedure of Example 10 was repeated except 19 wt.% hydrochloric acid was used in place of 25 
wt.% sulfuric acid and pH was kept at not more than 3 in the reaction vessel in acidification. Consequently 
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cinnamic acid obtained was 89.5 grams (97.9% yield) and had purity of above 99.9%. 
Comparative example 5 

5 The procedure of Example 10 was repeated except the dropwise addition rate of aqueous sulfuric acid 
solution was reduced and pH of the reaction mixture was kept at 5 in acidification. As a result, the 
separated cinnamic acid was 85.5 grams and the yield was reduced to 93.5%. 

Claims 

10 

1. A process of preparing a cinnamic acid by hydrolyzing a cinnamate ester represented by the following 
formula: 



15 



20 




25 

(wherein: Ar is an optionally substituted benzene ring; R 2 and R 3 may be the same or different groups 
and represent respectively hydrogen or alkyl of 1 to 6 carbon atoms; and R* represents an unsub- 
stituted or substituted alkyl group) with an alkali in a heterogeneous binary-phase liquid system using 
water as a solvent to obtain an aqueous alkaline solution of an alkali cinnamate, characterised by 

30 starting said hydrolysis reaction in a heterogeneous binary-phase liquid system, which consists of a 
melted cinnamate ester and an aqueous alkali solution, using the water in such quantity that the 
concentration of the alkali cinnamate is 1 to 20% by weight in the aqueous alkaline solution; and 
precipitating the cinnamic acid by conducting an acidifying reaction of said aqueous alkaline solution 
with a mineral acid, under such conditions that the pH value of the resulting liquid after completion of 

35 the acidifying reaction is kept at not more than 4 and that the concentration of the produced cinnamic 
acid when the reaction is completed is 1 to 20% by weight of the resulting suspension; said acidifying 
reaction being conducted either by adding the aqueous alkaline solution of the alkali cinnamate 
obtained by the hydrolysis reaction into the mineral acid or by continuously charging the aqueous 
alkaline solution of the alkali cinnamate obtained by the hydrolysis reaction and the mineral acid into an 

40 acidifying reaction vessel, followed by continuously discharging the resulting liquid containing the 
cinnamic acid precipitated therein from said reaction vessel. 

2. A process according to claim 1 wherein said cinnamate ester is represented by the following formula: 



50 




55 

wherein n is an integer of 1 to 5, R 1 is hydrogen or at least one kind of substituent on the aromatic ring 
selected from halogen, hydroxy, alkyl of 1 to 4 carbon atoms or alkoxy of 1 to 4 carbon atoms; and, 
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where n is not less than 2, each R 1 is the same or different. 
Revendications 

5 1. Procede de preparation d'un acide cinnamique par hydrolyse d'un cinnamate ester represente par la 
formule suivante : 



R 3 

C0 2 R 4 

15 

(ou : Ar est un noyau benzene facultativement substitue ; R 2 et R 3 peuvent etre des groupes identiques 
ou differents et represented respectivement I'hydrogene ou un groupe alkyle de 1 a 6 atomes de 
carbone ; et R* represente un groupe alkyle substitue ou non substitue) avec un alcali dans un systeme 
liquide en phase binaire heterogene utilisant de I'eau comme solvant pour obtenir une solution alcaline 

20 aqueuse d'un cinnamate d'alcali, caracterise par le demarrage de ladite reaction d'hydrolyse dans un 
systeme liquide a phase binaire heterogene, qui comprend un cinammate ester fondu et une solution 
aqueuse d'alcali, en utilisant de I'eau suivant une quantite telle que la concentration du cinnamate 
d'alcali est de 1 a 20% en poids dans la solution alcaline aqueuse ; et on precipite I'acide cinnamique 
en conduisant une reaction d'acidification de ladite solution alcaline aqueuse avec un acide mineral 

25 sous des conditions telles qua la valeur de pH du liquide resultant apres achievement de la reaction 
d'acidification est maintenue a pas plus de 4 et que la concentration de I'acide cinnamique produit 
lorsque la reaction est achevee est de 1 a 20% en poids de la suspension resultante ; ladite reaction 
d'acidification etant conduite soit en ajoutant la solution alcaline aqueuse du cinnamate d'alcali obtenu 
par la reaction d'hydrolyse dans I'acide mineral ou en chargeant en continu ia solution alcaline aqueuse 

30 du cinnamate d'alcali obtenu par la reaction d'hydrolyse et I'acide mineral dans un recipient reactionnel 
d'acidification, ce apres quoi on decharge en continu le liquide resultant contenant I'acide cinnamique y 
precipite, dudit recipient reactionnel. 

2. Procede suivant la revendication 1, caracterise en ce que ledit cinnamate ester est represente par la 
35 formule suivante : 




ou n est un nombre entier de 1 & 5, R 1 est I'hydrogene ou au moins une espece de substituant sur le 
noyau aromatique choisi parmi un halogene, un groupe hydroxy, alkyle de 1 a 4 atomes de carbone ou 
so alcoxy de 1 & 4 atomes de carbone ; et , si n est pas inf^rieur h 2, chaque R 1 est le meme ou different. 

Patentanspruche 

1. Verfahren zur Herstellung einer Zimtsaure durch Hydrolysieren eines Zimtsaureesters der allgemeinen 
55 Formel 
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worin bedeuten: 

Ar einen gegebenenfalls substituierten Benzolring; 

R 2 und R 3 , die gleiche oder verschiedene Gruppen darstellen konnen, jeweils Wasserstoff oder 
Alkyl mit 1 bis 6 Kohlenstoffatomen und 

R 4 eine unsubstituierte oder substituierte Alkylgruppe, 

mit einem Alkali in einem heterogenen 2-Phasen-Flussigkeitssystem unter Verwendung von Wasser als 
Losungsmittel zur Herstellung einer waflrigen alkalischen Losung eines Alkalicinnamats, dadurch 
gekennzeichnet, daJ3 die Hydrolysereaktion in einem heterogenen 2-Phasen-FIUssigkeitssystem gestar- 
tet wird, das besteht aus einem geschmolzenem Zimtsaureester und einer waflrigen Alkalilosung, unter 
Verwendung des Wassers in einer solchen Menge, dafl die Konzentration des Alkalicinnamats in der 
waBrigen alkalischen Losung 1 bis 20 Gew.-% betragt, und dafl die Zimtsaure ausgefallt wird durch 
Ansauern der watfrigen alkalischen Losung mit einer Mineralsaure unter solchen Bedingungen, dafi der 
pH-Wert der resultierenden FIQssigkeit nach Beendigung des Ansauerns bei nicht mehr als 4 gehalten 
wird und die Konzentration der gebildeten Zimtsaure nach Beendigung der Reaktion 1 bis 20 Gew.-%, 
bezogen auf die resultierende Suspension, betragt, wobei das Ansauern durchgefOhrt wird entweder 
durch Zugabe der wafirigen alkalischen Losung des Alkalicinnamats, die bei der Hydrolysereaktion in 
der mineralischen Saure erhalten wird, oder durch kontinuierliches Einfuhren der waflrigen alkalischen 
Losung des Alkalicinnamats, die bei der Hydrolysereaktion erhalten wird, und der Mineralsaure in ein 
Ansauerungsreaktionsgefa/3, woran sich das kontinuierliche Austragen der resultierenden FIQssigkeit, 
welche die darin ausgefallte Zimtsaure enthalt, aus dem Reaktionsgefa/3 anschlieflt. 

Verfahren nach Anspruch 1, worin der Zimtsaureester dargestellt wird durch die folgende Formel: 




worin bedeuten: 

n eine ganze Zahl von 1 bis 5, 

R 1 Wasserstoff oder mindestens eine Art eines Substituenten an dem aromatischen Ring, der 
ausgewahlt wird aus Wasserstoff, Hydroxy, Alkyl mit 1 bis 4 Kohlenstoffatomen oder Alkoxy 
mit 1 bis 4 Kohlenstoffatomen, und 
wenn n nicht weniger als 2 betragt, die Reste R 1 jeweils gleich oder verschieden sind. 



